Objectives. The present study was undertaken in order to assess the effect of gender on the growth rate of abdominal aortic aneurysms (AAAs). Methods. One hundred and eighty-five men and 49 women with AAAs were studied, mean follow-up 62 months, giving 14,544 patient-months of follow-up. A mean of 16 ultrasound examinations was performed on each patient. Results. The mean growth rate was 1.82; 1.65 and 2.43 mm per year in men and women, respectively. In a weighted linear regression analysis, high initial diameter and female gender were independent and significant (p!0.001 and pZ0.003, respectively) predictors for increased growth rate of AAAs. None of the other considered risk factors predicted the growth rate.
Introduction
As early as the 1820s, Sir Asthley Cooper in London observed that aortic aneurysms (AAAs) were four times more prevalent in men than in women. This observation has been confirmed by more recent epidemiological studies. [1] [2] [3] [4] Probably, due to this male predominance emphasis has been put on men in discussions and studies concerning AAA and several epidemiological studies have been undertaken with only men included. During the last few years, reports have appeared indicating that AAA in females may be more malignant than in men. Semmens and coworkers have found increased mortality following AAA rupture in women compared to men. 5 Further, increased operative mortality has been observed in both elective and acute surgery for AAA in women 6 and the rupture rate of AAAs has been found higher in women. 7, 8 It has been observed that females, as compared with men, have more complications 9 and a higher rate of aborted stentgraft procedures. 10 Women also have a reduced long-term survival after open surgery for AAA. 11 The risk of rupture of an AAA increases with increasing diameter of the aneurysm. 8 In accordance with a recent Cochrane-review, a maximal diameter of 55 mm or more, or a growth rate of 10 mm or more in 12 months are the common indications for interventional treatment of AAA. 12 However, a fast growth of AAA diameter as indication for repair has recently been questioned. 13 Patients with smaller AAAs, unwillingness for treatment or with serious comorbidity are followed with serial ultrasound examination of the AAA.
As the maximum diameter of the AAA provides the basis for decisions regarding AAA repair, knowledge of the growth rate of AAAs is important. No previous study has focused on the growth rate of AAA in men compared to in women. The aim of the present report was, therefore, to address whether gender influenced the growth rate of AAA, in a study with 49 women and 185 men with AAA followed for up to 90 months.
Materials and Methods
The Tromsø Study started in 1974 and is a populationbased study with an emphasis on cardiovascular diseases. The fourth cross-sectional study started in September 1994 and was completed in October 1995 and included a questionnaire and ultrasonographic examination of the abdominal aorta. The detailed protocol for the part of this study regarding AAA has been presented. 4, 14 For the present study, the following information was of interest: all men and women aged 55-74 years and a sample of 5-10 per cent of other age groups in addition to some small subgroups of men and women were eligible for examination. 4 A total of 6892 persons had their abdominal aorta examined with a 3.5 MHz sector probe (Acuson 128-XP). AAA was diagnosed if one or more of the following three criteria was met: (1) a diameter of 35 mm or more at the level of the renal arteries, (2) a localised dilation of the infrarenal aorta or (3) an increase of the infrarenal aortic diameter of 5 mm or more compared to the level of the renal arteries in either transversal or anterior-posterior plane. If AAA or other pathology was found, the patients were referred to the Department of Cardiovascular Surgery and a computed tomography examination of the aorta. A total of 274 men and 74 women were found to have an AAA. Other pathology (e.g. three renal cancers) was found in 24 patients. Eight subjects had both an AAA and other significant pathology. One unrecognised pregnancy also was identified. The indication for surgery in this study was set at an aortic diameter of 55 mm or more.
Of the 348 patients with AAA, 14 did not attend CTscan or a follow up. Due to the size of the AAA, 31 were operated upon in the initial phase of the study. In 47 persons, the CT-scan revealed non-aneurysmal abdominal aorta. Further, 22 patients with ultrasound detected AAA were either unwilling to participate in follow up, or moved to other parts of the country. The rest, 185 men and 49 women, were eligible for follow up and were followed with ultrasound examination of the abdominal aorta every third or sixth month from inclusion in the study in 1994-1995 to December 31, 2002. No patients withdrew from the study during follow-up. During follow-up, 49 patients were operated due to growth of the AAA and 48 patients died without surgery for their AAA. The follow-up time varied from 3 to 90 months with a mean of 62.4 months (59.6 months for women and 63.2 for men). Seven females and 38 males were followed for the maximum time period of 90 months. The number of ultrasound examinations varied from 2 to 31 with a mean of 16.1 examination (15.3 examinations for women and 16.3 for men). This yielded follow up of 14,544 patientmonths with a total of 3773 ultrasound examinations, some performed by a radiologist but mostly by three trained and skilled sonographers. The reproducibility of the ultrasonographic examinations during the screening has been published. 14 Two of the three sonographers, using the same ultrasound machines as used for screening, performed the measurements of the AAAs in the follow-up study. The diameter of the AAAs as measured in the screening is used as the initial diameter for the present study.
The data were stored in an Access database. Calculations and organisation of the data were performed in Excel spreadsheet. Statistical calculations were performed in SAS and SPSS statistical packages. The change in diameter was assumed to be linear over time and modelled using ordinary linear regression analysis. The change in the diameter of the aneurysm for each person was estimated as the regression coefficient using time as the independent variable and diameter of AAA as the dependent variable. The time unit was set to 3 months, and this growth rate was then multiplied with four to give growth rate in mm per year. For the main analysis, a multiple regression analysis was performed. In a linear regression analysis, growth rate was the dependent variable and age, gender and start diameter as well as other risk factors for cardiovascular diseases were the independent variables. The analysis was weighted with the number of observations for each patient. When comparing means, t-test was performed and different variance between the groups was assumed. When comparing proportions Fisher's exact test was performed. Wilcoxon's rank test was used for non-parametric comparison of groups.
Results
The characteristics of the patients at the start of the follow-up period are given in Table 1 . Adjustment for age did not notably change the p-values for the comparisons of men and women with AAAs (data not shown).
The overall mean growth rate (and standard deviation) was 1.82 (2.10) mm per year. The highest value was 16.0 mm per year. As shown in Table 2 , the mean growth rate was 0.58 mm per year for AAAs with an initial diameter !25 and 2.63 mm for AAAs with initial diameter O49 mm.
The mean growth rate (and standard deviation) for women and men were 2.43 (2.95) and 1.65 (1.78) mm per year, respectively. The growth rates for both genders at the different levels of initial diameter are shown in Fig. 1 . In the regression analysis, initial diameter and gender were both independent and significant predictors for the growth rate. Adjusted for age and initial diameter, the mean annual growth rate was 0.7 mm lower in men than in women (pZ0.003), and adjusted for age and gender, the mean annual growth rate was 0.7 mm higher when the initial diameter increased 10 mm (p!0.001). Age at screening was not a significant predictor of the growth rate. The other characteristics and risk factors were also tested, but none was significant predictors for growth rate when start diameter, age and gender were included in the model.
For 10 patients, all men, the estimated growth rate was negative. The median initial diameter for these was 32.5 (31-52) mm. The median growth rate for these 10 patients was K0.38 (K8.0 to K0.03) mm per year. The lowest value was calculated in a patient with an AAA of 52 mm at the first examination, and after 3 months the diameter was assessed to be 50 mm. The patient expressed a preference for surgery and was not eligible for further measurements. In all the calculations and presentations in this paper, these 10 patients with a negative growth rate were included. Exclusion of these 10 patients did not alter significantly the results (data not shown).
The mean initial AAA diameter was 31.9 and 35.5 mm for women and men, respectively (Table 1 ). In the cross-sectional study, 4 the mean aortic diameter in 1370 females in the age group 65-74 years was 19.8 mm, and for the 1117 males in the same age group it was 23.7 mm. Thus, the initial diameter of the AAAs in the present study are 1.61 and 1.50 times greater in, women and men, respectively, than the mean diameter for this age group in the general population.
Discussion
To our knowledge, this is the first study examining formally the growth rates of AAA according to gender. Even if the number of females in the groups with the largest initial diameter was low, the difference between the growth rates according to gender was pronounced and highly significant. This study also confirms earlier findings that larger diameter AAAs grow faster. [15] [16] [17] There are some reservations related to the methods used in this study. The calculations giving the growth rate in each patient assumes a linear growth of the aneurysms, whereas the growth of AAAs is exponential. Our results show that, the growth rate increases The information is given as mean (and standard deviation), median or as proportions and percentages. with the diameter of the AAA. However, few patients had such high initial AAA diameter that the exponential and linear curves differed significantly. A relatively larger AAA in women compared to men could underlie the increased AAA growth rate observed in women. The mean diameter of the AAAs in the females was 1.61 times larger than the mean infrarenal aortic diameter in the normal population. In the males the diameter was 1.50 times higher. This difference is negligible and is unlikely to explain the difference in growth rate between the two genders. It also may be a cause of concern that we have only followed 234 of the 348 subjects who had an AAA diagnosed. However, the group of subjects who were followed did not differ significantly from the other subjects with regard to age or sex (data not shown). Most likely, the 10 negative values for growth rate in this cohort were the result of errors in the measurements. The percentage of patients found to have an AAA in population studies varies with age and sex distribution of the population and the diagnostic criteria for inclusion, e.g. the diameter of the aorta. 4 The AAA growth rate also appears to depend on these same factors. In 1993, Bengtsson and co-workers found a growth rate of 3.1 mm per year and increased growth with increased diameter. Their study was based on 155 subjects with an AAA, 20-80 mm in diameter with both men and women included. 15 Similar growth rates and a correlation with growth rate and diameter has been confirmed in other studies. 17, 18 Santilli and coworkers found a growth rate of 1.6 mm per year in men with initial AAA diameter of 30-39 mm. 17 This finding is identical with that for the same subgroup in our results ( Table 2) . Association of AAA growth rate with cardiac disease, 19 age and a history of cigarette smoking have been found. 18, 20 In the present study, the participants' information on daily smoking at the start of the study did not predict the growth rate of the AAA. Stopping smoking has been found to reduce the growth. 21 We do not have information about smoking during the follow-up study.
The main finding of the present study; that AAA grow faster in women, adds evidence to the view that AAAs are more malignant in females than in men. This could have implications for AAA screening policies. Surveillance might need to be more frequent in women, compared with men, with an AAA diameter of more than 40 mm. However, we acknowledge that the number of women included in our study was low, and believe that our results ought to be confirmed in larger studies. However, since treatment of the AAAs in women may have more complications and a higher mortality than in men, there may be no indication for earlier intervention in women.
